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ABSTRACT 
Surfers’ performances are subjectively ranked by 5 judges. Low reliability and validity in 
judgment may lead to preventable errors and unfair scores. Aiming to describe the judgment 
error we analyzed the available WSL’s data related to 2021 Men’s Championship Tour (4,095 
waves; 20,475 scores). We found an inverted ‘U’-shape pattern for the judgment error vs. 
control score, explained by a quadratic regression model (R = 0.52; SEE = 0.10). The reliability 
produced excellent Intraclass Correlation Coeficient (CI95% = 0.97, 1.00), with a between judge 
(typical) error of 0.15. Validity analyses indicated a minimal real difference of 0.49 in the sum of 
two waves between the surfers for having 95% certainty for the heat winner. We recommend 
WSL to incorporate the intrinsic judgment error in into judgments for increasing the fairness 
and trust on WSL championship tour. 
 

INTRODUCTION 
Competitive sports are dependent on refereeing for conduct the events and reporting 

infractions. In several modalities, such as surfing, the panel of judges assumes responsibility for 
defining the results of disputes through the attribution of scores for each athletic performance 
(surfed wave). The judging criteria consider the commitment and the degree of difficulty of the 
surfed wave, as well as the performance of innovative, progressive, and combined maneuvers, 
varying the speed, power and flow in the execution [1]. The evaluations even starting from pre-
defined criteria and a rigorous training process carry some degree of subjectivity, increasing 
judgment variability that technically can be characterized as an error, eventually culminating in 
dubious results. According to Kahneman and Frederick [2], human judgment occurs through 
an interaction between different cognitive systems, in which judges make their assessments 
through conscious and unconscious thoughts, which can sometimes hide implicit biases even 
without intention [3]. 

The sports in which athletes' performance are determined by scores (i.e. gymnastics, 
skating, etc.), traditionally try to explain atypical results by the existence of different types of 
intentional bias (i.e. nationality, sequential and conformity) [4]. However, error in judgment is a 
natural and inevitable phenomenon, making it necessary to know and manage them. Even with 
all care taken to properly conduct trials, some judges are more accurate than others [5]. This 
fact can occur due to different experience times in the modality or in sensitivity to interpret the 
surfer performance. In addition to the inherent flaws in the entire judging process [6, 7], surf 
competitions are exposed to wave quality predictions, causing eventual delays or 
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postponements of the start of the competition. These competitive daily routines impose on 
judges long working hours (< 10 h), in which even considering the existing rotation, results in 
deprivation of rest, inadequate nutrition and long moments of sustained attention, which can 
cause mental fatigue [8]. 

Several other combined elements can increase the complexity of judgments. Compared 
to other modalities, surf presents greater intervention of random variables that generate 
increases of unpredictability in the performance of surfers, and possibly in the evaluation of 
the judges. The competition is performed in a wide area to be observed, with different visual 
perspectives and time intervals between each wave. The waves often have huge characteristics 
variability, since changes in direction, shape and size, sea conditions, winds and weather, which 
influence the maneuvers performed by surfers. In addition, according to the rule practiced by 
the World Surf League (WSL) in 2021, there is no limit to the number of waves surfed in a heat. 
This makes a need to publish the scores almost immediately, giving the judges a sense of 
urgency in the definition of their multiple judgments in a short period of time. Those aspects 
could compromise the clinimetrics properties of judgment in surf. 

The low reliability and validity of judgments can imply in poorly reproducible results that 
provoke in inaccuracies and injustices. In surfing, reliable results should show how much a 
judge's scores are internally consistent with their peers (between judges), indicating more 
uniformity in the evaluation of performance. Judgment validity is when the scores assigned by a 
judge accurately reflect the surfer's final score (gold standard). Some studies have investigated 
the judge’s performance using reliability and validity metrics to determine competence indexes 
on judgment [9, 10]. However, it is possible that such indexes offer low practical applicability 
for improve quality and justice on the results of competitions. 

The reliability metrics used in the literature usually determine the relationship between 
the judgment scores, either utilizing the intraclass correlation coefficient (ICC) [9-11] or non-
parametric statistics like Cochran's Q [9]. To complement these measures, it is suggested the 
use of statistics such as the standard error of measurement (SEM), which reflects the 
measurement error in an absolute way, as reported by Premelč, et al. [11]. On the other hand, 
studies that claim to determine the validity of judgment in different sports [10, 12], need more 
rigor in detailing the procedures regarding the validity model used. A common limitation of 
these studies is the use of metrics such as ANOVA's, Kendall's W coefficient and Theta 
coefficient, which do not provide the dimensioning of error in judgment. For that, the use of 
the Intrinsic Judging Error Variability (IJEV) [4, 13] has been recently proposed, and similarly to 
the typical measurement error [14], offers an approximation to dimensioning of error. 
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In this sense, it is necessary to know the error of judgment in surf to raise evidence and 
discussions about its management. The way in which sports entities (e.g. WSL) deal with the 
error of judgment is still not well understood, and this can negatively impact the surfing 
community. For example, in the case of athletes, errors in judgment can harm sports careers, 
with direct (award) or indirect (sponsorship, campaigns, etc.) financial implications, staying in 
the world surfing elite, mental health problems, among others. In those context, the present 
article has three aims. First, it was to establish in an exploratory character the behavior of the 
error of judgment of each wave surfed according to its assigned score, as proposed by 
Heiniger and Mercier [4]. Second, was to establish the between-judge reliability of the 2021 
WSL judges' panel. Finally, and probably the most relevant implications for the modality, it was 
to establish the judgment validity by the comparison of each judge score with the final control 
score of the wave (CS). Considering the clinimetric aspect of the paper, that isn’t an a priori 
hypothesis. 
 

METHOD 
Database 
Methodological study based on database analysis to determine the reliability (relative 

and absolute) and validity of the WSL’s judges. Available data from all waves surfed (n = 4095) 
by male participants of the elite world surf (n = 55) in 7 events in 2021 tour were analyzed 
(data from Jeep Surf Ranch Pro, was not available). This study was conducted by researchers 
with any kind of relationship with the athletes, judges or WSL. The overview of selection and 
data treatment steps is presented in Figure 1. 

 
Procedures 
Data extraction was performed manually by the study authors directly from the WSL 

website (public access - https://www.worldsurfleague.com) between September and 
December/ 2021. Data were extracted by pairs of independent researchers randomly 
assigned, in which each researcher was responsible for extracting at most two events. The 
scores of each judge for wave surfed were recorded in a specific form and later included in a 
spreadsheet. After merging the two worksheets at each event, typos and miscellaneous 
inconsistencies were registered for later confirmation (Figure 1). The validation of the 
extractions performed was carried out by a different pair of researchers. Then, the combined 
spreadsheets returned to the pair of researchers originally responsible for extracting the data 
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to work together to fix the identified inconsistencies. After a new verification and resolution of 
all problems, the data from a given moment were then integrated into the general database 
with all events, which was later used for analysis of present study. 

 
Figure 1 - Flow chart of data extraction and analysis 

Source: Authors 
 

 
Statistical Analysis 
For the overview of the judgment error, the Intrinsic Judging Error Variability (IJEV) was 

adopted as proposed by Heiniger and Mercier [13] (Equation 1). The exploratory 
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characteristics of this variable enable the visualization of the error behavior of each wave 
judgment relative to its respective CS. After an exploratory approach, the best model for a 
regression analysis was presented between IJEV (dependent variable) vs. CS (predictor 
variable). As result, the determination coefficient (R), p-value, standard estimation error (SEE) 
and the prediction equation were presented. 

 
 IJEV = SD [JDiff_1, JDiff_2, JDiff_3, JDiff_4, JDiff_5]  Eq. 1 
 Where: 

IJEV - Intrinsic judging error variability 
SD - standard deviation 
JDiff_1 - Difference between the control score and 

the judge score for judge 1 (JDiff_2 for judge 2 and so on) 

 

 
The intraclass correlation coefficient was used considering the model of one-way 

random effects, mean of k raters (n = 5) and absolute agreement (ICC(1,k)), as recommended by 
Koo and Li [15]. The confidence interval for 95% (CI95%) and the level of significance to explore 
the relative reliability between judges (inter-judge reliability) were also calculated. The ICC was 
classified as follows: < 0.5 (Poor); between 0.5 and 0.75 (Moderate); between 0.75 and 0.9 
(Good); and > 0.9 (Excellent), as suggested by the same authors. For absolute reliability, the 
standard error between judges (SEBJ) was used for estimating the error of judge compared to 
his peers (Equation 2). Besides, the minimal real difference of judges (MRDJ) was calculated to 
representing the threshold of a real error (Equation 3) between judges. 

 
 SEBJ = SD x (√1 - ICC) Eq. 2 
 Where: 

SEBJ - Standard error between judges 
SD - standard deviation 
ICC - Intraclass correlation coefficient 

 

 
 
 MRDJ = SEbJ x 1,96 x √2 Eq. 3 
 Where: 

MRDJ - Minimal real difference between judges 
SEBJ - Standard error between judges 
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Considering that the reliability promotes a between judge analysis, we also explored the 

impact of the error magnitude on the difference between each judgment with the CS - 
previously described as a ‘special case of validity’ [9]. Due to the absence of a ‘gold standard’ 
method for wave assessment, the available option is the utilization of a central tendency 
parameter of the panel of judges. For this purpose, the median of five judges was used as the 
CS based on the following arguments presented by Heiniger and Mercier [4]: a. to be the best 
proxy of an ‘actual wave score’; and b. could be more robust against misjudgments and biased 
judges compared to the trimmed average (approach utilized by WSL). Moreover, could be keep 
in mind other arguments to use the median: c. the low number of wave scores (n = 5) to 
generate a normal distribution enabling an average calculation; and d. your robustness to 
prevent interferences from an erratic score (discrepant or outlier). The magnitude of the error 
for validity for one wave was established by the typical error of judgement in reference to CS 
(TEJCS_1W, Equation 4a) and its superior confidence interval for 95% defined as minimal real 
difference for CS (MRDCS_1W, Equation 5a), a new variable mixing a traditional approach for 
error measurement in sports science (typical error of measurement equal to the standard 
deviation of the differences divided by square root) [14]. Because WSL utilize the sum of two 
waves in comparison of athletes in the heats, TEJCS_1W and MRDCS_1W were also presented for 
the sum of two waves by multiplication by 2 (TEJCS_2W and MRDCS_2W, respectively). 

 
 (a) TEJCS_1W = SDOverall [JDiff_1, JDiff_2, JDiff_3, JDiff_4, JDiff_5] ÷ √2 

(b) TEJCS_2W = TEJCS_1W x 2 
Eq. 4 

 Where: 
TEJCS_1W - Typical error of judgement for control score 

for one wave 
TEJCS_2W - Typical error of judgement for control score 

for two waves 
SDOverall - Standard deviation for the data matrix 
JDiff_1 - Difference between the control score and the 

judge score for judge 1 (JDiff_2 for judge 2 and so on) 

 

 
 
 MRDCS_1W = √ (DF x TEJCS_1W

2 ) ÷ χ2
97.5%  

MRDCS_2W = MRDCS_1W x 2 
Eq. 5 
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 Where: 
MRDCS_1W - Minimal real difference for control score 

for one wave 
MRDCS_2W - Minimal real difference for control score 

for two waves 
DF - Degrees of freedom 
TEJCS_1W - Typical error of judgement for control score 
χ2 - Chi square 

 

 
Analyzes of reliability and validity were performed for the overall database and for the 

subgroups of interest: location, round in regular competition, round in finals, wave level, 
number of athletes in the heat, wave size and wind condition. The dataset was organized in 
Microsoft Excel (Microsoft Corporation, Redmond, WA, USA) and later analyzed at Rstudio [16]. 
Intraclass correlation were calculated through Psych package [17], while IJEV, SEBJ, MRDJ, 
TEJCS_1W, and MRDCS_1W were calculated by using Rstudio native functions. The level of 
significance was adjusted for p < 0.05. 

 

Results 
The representation of the IJEV for each surfed wave in WSL 2021 championship as a 

function of the CS, is presented in figure 2. The inverted 'U' pattern described by the second 
order (quadratic) polynomial model produced an R = 0.52, p < 0.001 and SEE = 0.1038. The 
smallest magnitudes of IJEV were observed for waves classified as Poor (≅ 0.18) and Excellent 
(≅ 0.28), and higher for waves classified as Good (≅ 0.40). 
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Figure 2 - Intrinsic Judging Error Variability by Control Score for all 2021 season. R - coefficient of 
determination; SEE - standard estimation error; a.u. - arbitrary unit; the vertical tracks represent 
2021 World Surf League criteria for classification the wave quality; The prediction equation for 
IJEV based on second order polynomial quadratic model is IJEV = 0,06966 + 0,1192 x CS - 0,01070 
x CS2 

Source: Authors 
 

The global reliability of judgments performed in 2021 (overall) or segmented by the 
conditions of interest (location, rounds, wave level, number of athletes in the water, wave size 
and wind intensity) were reported in Table 1. The relative reliability, expressed by ICC, 
confidence interval and p value suggest that the WSL judges showed 'near perfect' 
performance, with ICC indices consistently close to 1 (CI95% = 0.970, 0.996; p < 0,001) and 
classified in most times (92%) as Excellent. Good classification (8%) was observed only when 
data were segmented by wave level. The absolute reliability presented by between judge error 
was stable for the average of the whole dataset results, with SEBJ ≅ 0.15 (5.3%) and MRDJ ≅ 
0.41 (14.6%). 
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Table 1 - Overall and categorized relative and absolute reliability for surf judgments during 
2021 WSL surf season for males 

 

Variables of Interest n 

Relative   Absolute  

ICC(1,k) Class. CI95% p value 
  SEbJ   MRDJ  

  Raw   Raw  

Overall 4095 0,996 E 0.996, 0.996 < 0.001   0,14   0,40  

By Location  

  Banzai Pipeline, HAW 564 0,997 E 0.996, 0.997 < 0.001   0,14   0,38  

  Newcastle, AUS 821 0,996 E 0.995, 0.996 < 0.001   0,15   0,40  

  Narrabeen, AUS 716 0,996 E 0.995, 0.996 < 0.001   0,14   0,38  

  Margaret River, AUS 575 0,996 E 0.996, 0.997 < 0.001   0,15   0,42  

  Rottnest Island, AUS 731 0,997 E 0.996, 0.997 < 0.001   0,14   0,39  

  Barra de la Cruz, MEX 632 0,996 E 0.996, 0.997 < 0.001   0,15   0,41  

  Lower Trestles, EUA 56 0,998 E 0.998, 0.999 < 0.001   0,13   0,37  

By Round in Regular Competition  

  Seeding Round 1207 0,996 E 0.996, 0.996 < 0.001   0,15   0,41  

  Elimination Round 350 0,996 E 0.995, 0.996 < 0.001   0,15   0,41  

  Round 32 1271 0,996 E 0.996, 0.997 < 0.001   0,15   0,40  

  Round 16 678 0,997 E 0.996, 0.997 < 0.001   0,14   0,38  

  Quarter Final 290 0,997 E 0.997, 0.998 < 0.001   0,14   0,39  

  Semin Final 154 0,997 E 0.997, 0.998 < 0.001   0,14   0,38  

  Finals 89 0,998 E 0.997, 0.999 < 0.001   0,13   0,37  

By Round in Finals  

  Match 1 10 0,995 E 0.990, 0.998 < 0.001   0,16   0,44  

  Match 2 7 0,998 E 0.994, 0.999 < 0.001   0,14   0,38  

  Match 3 8 0,999 E 0.997, 1.000 < 0.001   0,11   0,30  

  Match 4 31 0,999 E 0.998, 0.999 < 0.001   0,12   0,33  

By Wave Level  

  Poor 1605 0,968 E 0.966, 0.970 < 0.001   0,09   0,24  

  Fair 1297 0,963 E 0.960, 0.966 < 0.001   0,18   0,49  

  Good 659 0,828 G 0.810, 0.845 < 0.001   0,23   0,65  

  Very Good 398 0,827 G 0.803, 0.849 < 0.001   0,23   0,63  
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  Excellent 136 0,898 G 0.873, 0.919 < 0.001   0,19   0,53  

By Number of athletes in the heat  

  Two 2538 0,996 E 0.996, 0.997 < 0.001   0,14   0,40  

  Three 1557 0,995 E 0.994, 0.995 < 0.001   0,15   0,42  

By Wave Size  

  1 to 4 2629 0,996 E 0.996, 0.996 < 0.001   0,14   0,40  

  4 to 6 766 0,997 E 0.997, 0.998 < 0.001   0,14   0,39  

  6 to 8 298 0,996 E 0.996, 0.997 < 0.001   0,15   0,42  

  8 to 10 121 0,997 E 0.996, 0.997 < 0.001   0,15   0,41  

  Not Reported 281 0,997 E 0.996, 0.997 < 0.001   0,15   0,41  

By Wind Conditions  

  Calm 1768 0,996 E 0.996, 0.997 < 0.001   0,14   0,40  

  Cross 329 0,995 E 0.994, 0.995 < 0.001   0,15   0,42  

  Light 536 0,997 E 0.996, 0.997 < 0.001   0,14   0,39  

  Offshore 1167 0,997 E 0.996, 0.997 < 0.001   0,14   0,39  

  Onshore 14 0,990 E 0.982, 0.996 < 0.001   0,14   0,39  

  Not Reported 281 0,997 E 0.996, 0.997 < 0.001   0,15   0,41  

Legend: n - Number of waves; ICC(1,K) - Intraclass correlation model one way random (1,5); 
Class. - ICC classification; CI95% - ICC confidence interval for 95%; p value - ICC p value; SEBJ - 
Standard error between judges; MRDJ - Minimal real difference between Judges. 
Source: Authors 

 

 
 
 
 

The judgment errors to determine the surfer final score (e.g. CS) considering different 
variables of interest are presented in Table 2. For all waves surfed (Overall), a result of 0.22 and 
0.25 was found for TEJCS_1W and MRDCS_1W, respectively. As the WSL uses the sum of two best 
waves as a criterion to compare the performance between surfers, the results of TEJCS_2W (0.44) 
and MRDCS_2W (0.49) were available. Most of the investigated conditions with potential for 
judgment disruption, resulted in a low mean variability for TEJCS_1w (≅ 0.22) of the whole 
dataset. Considering the segmented conditions, a low mean variation of TEJCS_1w was also found 
for different locations that hosted the events (CI95% = 0.21, 0.23), different rounds of regular 
competition (CI95% = 0.21, 0.22), wave size (CI95% = 0.21, 0.23) and wind condition (CI95% = 0.21, 
0.23). On the other hand, a slightly higher mean variation was found for the analyzes per round 
in the finals (CI95% = 0.15, 0.29), by wave level (CI95% = 0.16, 0.31) and by number of surfers 
disputing the heat (CI95% = 0.17, 0.26). 
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Table 2. Overall and categorized validity for surf judgments during 
2021 WSL surf season for males 

 

Variables of Interest 

One Wave   Sum of Two Waves  

TEJCS_1W 

(a.u.) 
MRDCS 

(a.u.)   
TEJCS 

(a.u.) 
MRDCS 

(a.u.) 
 

Overall 0.22 0.25   0.44 0.49  

By Location  

  Banzai Pipeline. HAW 0.21 0.24   0.42 0.48  

  Newcastle. AUS 0.22 0.24   0.44 0.48  

  Narrabeen. AUS 0.21 0.24   0.42 0.48  

  Margaret River. AUS 0.23 0.24   0.47 0.48  

  Rottnest Island. AUS 0.22 0.24   0.43 0.48  

  Barra de la Cruz. MEX 0.23 0.24   0.46 0.48  

  Lower Trestles. EUA 0.21 0.22   0.42 0.43  

By Round in Regular Competition  

  Seeding Round 0.22 0.24   0.45 0.48  

  Elimination Round 0.23 0.24   0.45 0.47  

  Round 32 0.22 0.24   0.44 0.48  

  Round 16 0.21 0.24   0.42 0.48  

  Quarter Final 0.21 0.23   0.42 0.47  

  Semin Final 0.21 0.23   0.42 0.46  

  Final 0.21 0.22   0.42 0.43  

By Round in Finals  

  Match 1 0.28 0.18   0.55 0.36  

  Match 2 0.23 0.17   0.45 0.35  

  Match 3 0.19 0.18   0.38 0.35  

  Match 4 0.18 0.21   0.36 0.41  

By Wave Level  
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  Poor (< 2.0) 0.12 0.24   0.25 0.49  

  Fair (2.0 - 3.9) 0.25 0.24   0.51 0.48  

  Good (4.0 - 6.4) 0.28 0.24   0.55 0.48  

  Very Good (6.5 - 7.9) 0.27 0.24   0.54 0.47  

  Excellent (≥ 8) 0.25 0.23   0.49 0.45  

By Number of Athletes in the Heat  

  Two 0.22 0.24   0.43 0.49  

  Three 0.22 0.24   0.45 0.49  

By Wave Size  

  1 to 4 0.22 0.24   0.44 0.49  

  4 to 6 0.21 0.24   0.43 0.48  

  6 to 8 0.23 0.23   0.46 0.47  

  8 to 10 0.23 0.23   0.45 0.45  

  Not Reported 0.23 0.23   0.45 0.47  

By Wind Conditions  

  Calm 0.22 0.24   0.44 0.49  

  Cross 0.23 0.23   0.47 0.47  

  Light 0.21 0.24   0.43 0.48  

  Offshore 0.22 0.24   0.43 0.48  

  Onshore 0.22 0.19   0.44 0.38  

  Not Reported 0.23 0.23   0.45 0.47  

Legend: TEJCS_1W - Typical error of judgement for control score for one 
wave; TEJCS_2W - for two waves; MRDCS_1W - Minimal real difference for 
judgement for control score for one wave; MRDCS_2W - for two waves. 

Source: Authors 

 

 

 
 

 

Discussion 
The present study was the first to explore intrinsic judgment error in male professional 

surf championships organized by the WSL, analyzing the IJEV results, reliability and validity. The 
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judgment error was described for global scores and different conditions of interest (e.g. 
location, round, wave size, number of athletes inv the heat, wave level and wind). In addition, 
the use of TEJCS and MRDCS was proposed to compare the performance of surfers similarly to 
has been practiced in the interpretation of statistical tests in clinical areas of health and sports 
performance, incorporating the measurement error for its prognostic relevance [18]. As far as 
could be observed, there are no studies with other sport modality dedicated to establishing 
the magnitude of the judgment error and, mainly, its incorporation in the interpretation of the 
competitive results. 

 
Intrinsic Judgment Error Variability 
The behavior of IJEV as a function of CS depends on the modality investigated. Heiniger 

and Mercier [4] described three main possible kinetics: a) Descending (snowboard halfpipe, 
acrobatic gymnastics, aerobic gymnastics, artistic gymnastics, rhythmic gymnastics, and artistic 
swimming); b) 'U' pattern (standard and artistic presentation on dressage) and, as in the 
present study; c) Inverted ‘U’ pattern (diving, figure skating, ski jumping, snowboard slopestyle, 
trampoline and aerials from skiing). According to the authors, the different kinetic patterns are 
influenced by number of items to be evaluated in each modality, as well as number of errors to 
be deducted from a given execution. 

In addition, the shape of parabola seems to depend on judgments with results close to 
zero [4], which occurs more often in surfing (40.07% of waves surfed in 2021 season were 
classified as Poor, 32.0% as Fair, 16.1% as Good, 8.9% as Very Good, and 2.9% as Excellent). It 
is possible that the low IJEV observed in waves classified as Poor (wave score < 2) is determined 
by the lower complexity of judgment considering the low number of elements to be observed, 
since these scores are usually attributed to a wave with incomplete maneuver or surfer 
mistake. At the opposite end of scale in waves with higher scores, the smallest error observed 
may be related to a ceiling effect of judgment process provided by proximity of perfection of 
evaluated performances, which may facilitate the process. Jointly, these results partially confirm 
the arguments of [4] who suggest that “judges are more accurate when evaluating outstanding 
or atrocious performances than when evaluating mediocre ones”. Based on present results, 
the WSL judges achieve the better consistency evaluating Poor waves. 

The magnitude of predictive power observed on weighted least-squares exponential 
regression models developed for other sports modalities resulted in superior values of R (0.75 
± 0.19, CI95% = 0.65, 0.84) and inferior values for root mean square standard deviation (0.14 ± 
0.28, CI95% = 0.00, 0.29) compared to the present study (0.52 and 0.10, respectively). However, 
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those differences appear to be determined by a different process to generate regression 
models between the present study and the aforementioned paper. While in the present study 
the full database was utilized to generate our regression, [4] used the mean value for each CS 
as predictable variable, resulting in a substantial reduction in residuals with directly impact in 
root mean standard deviation (≊ -48%) and inflating the R (≊ +37%). Considering this and the 
purpose of the present study related to error scaling, this direct comparison between studies 
could not be possible. 

 
Relative and Absolute Reliability 
Reliability, especially relative, is one of most used metrics in the investigation of 

psychometric quality of judgment in sports. The relative reliability of present study for the 
overall data base (ICC(1,k) ≅ 0.99, Table 1), with the exception of segmentation by wave level 
(ICC(1,k) ≅ 0.90), proved to be much higher than the results of Premelč, et al. [11] for different 
categories of dance sport (≅ 0.62), by Pajek, et al. [10] for artistic gymnastics in different 
competitive phases and apparatus (≅ 0.83) and Leandro, et al. [9] in rhythmic gymnastics for 
athletes in different ranking positions (≅ 0.66). 

The absolute dimensioning of the inter-judge error was produced only for sports dance 
[11], a modality with an evaluation scale like surf (0 to 10), but with a competitive dynamic that 
results in higher mean scores. The SEM reported in dance was 0.54 (overall), 0.56 (technical 
qualities), 0.67 (movement to music), 0.57 (partnering skills), and 0.54 (choreography and 
performance). In the present study, low SEBJ and MRDJ were found for the average of all 
conditions investigated, with mean values of 0.15 and 0.41, respectively. Considering the 
higher complexity in surfing judgment, the lowest results of the present study, despite the 
different calculation strategy, were considered unusual, deserving future investigations to 
identify which procedural elements are practiced by WSL deserving of popularization. 

The interpretation of absolute reliability produces a measure of error between the 
judges' scores when compared with each other (e.g. judge 1 vs. judge 2, Judge 2 vs. Judge 3 
etc.), serving to dimension their qualification. For the total number of waves (n = 4095) surfed 
in 2021 using the SEBJ (0.14) as criterion for the difference between the judges, expressing the 
mean error, a frequency of 65% of effectively different scores was observed. When using the 
MRDJ (0.40) which expresses a 95% certainty of different scores, the frequency was 36%. It is 
observed that, despite the very high relative reliability scores, the analysis of the results using 
absolute reliability broadens the understanding of differences between the scores given by the 
judges. 
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Since reliability analysis does not describe the error of judge's measurement in relation 
to CS, its practical application becomes limited for evaluating the competitive dynamics of 
modality using only the values of SEBJ and MRDJ. In addition, the interpretation of the SEBJ 
should be performed with caution in the event of heteroscedasticity in the scores [19]. 
Therefore, the present study produced the results of TEJCS_1W and MRDCS_1W. 

 
Validity 
To the best of our knowledge, two studies investigated the validity of judgment 

comparing the result of judges with an CS, both in artistic gymnastics [10, 12]. In general, 
unclear methodological details are observed for the adequate understanding of performed 
analyses or aims intended for specific purposes (i.e. nationality bias, sequential bias and 
comparisons between equipment in gymnastics). Leskošek, et al. [12] produced validity 
indexes considered satisfactory by the authors, while Pajek, et al. [10] interpreted results as 
unsatisfactory. For this, the authors used ANOVA and Kendall W analysis, which makes it 
impossible to compare with the findings produced in present study, because those techniques 
do not measure the error. 

Based on the results produced in present study, a concern spot was identified. To 
define the winner of a heat, the WSL currently uses a difference of 0.01 between the sum of 
the best two waves surfed, which is below what is necessary to contemplate the natural error 
of its judging process. The TEJCS and MRDCS results provide an overview of magnitude of 
difference required between two surfers for a winner to be defined with a low probability (< 
5%) of a random and possibly wrong and unfair result. An applied description of this concept 
utilization is available in Figure 3 as supplementary material (https://osf.io/yk2vt/) exploring 
final of the event MEO Pro (Peniche, PT) held in March 2022. In this heat, the difference of the 
winner (Griffin Colapinto, USA) to the second place (Filipe Toledo, BRA) was 0.14, lower than 
TEJCS_2W. 

The results produced in present study can be extended to all judging sport modalities, 
with error magnitudes that need to be established. The use of judgment error would improve 
the judgment process, establishing certainty (95%) in the definition of winning and losing 
athletes, reducing the judgment bias and the improvement of sense of justice resulting in an 
important advancement by WSL to improve its evaluation routines. Previously, modalities such 
as gymnastics [4] made changes in judgment to make the process more objective and 
potentially justice. Utilizing an innovative statistical strategy, the present study dimensioned the 
error of judgment in WSL in 2021 season.  
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The results produced in present study, analyzed considering their limitations, can offer 
new perspectives to surf. The main limitations of our study were the analyzes using only data 
from the competition held in 2021, restricting a possible evaluation of the performance of 
judges in different years, thus enabling the production of a historical series. In addition, other 
population groups (i.e. women, surfers in the access and youth categories) and surfing 
modalities (i.e. long board, big wave, etc.) need to be investigated. Furthermore, possible 
reasons for the error were not investigated, as previously done in other sports, such as 
gymnastics [13] and in ski jumping [20].  

 

Conclusion 
In conclusion in an applied perspective, our results showed the dimension (0.22 and 

0.25 for TEJCS_1W and MRDCS_1W, respectively) and the inevitable existence of error in WSL 
judgment. This implies the need to consider the error inherent in this type of evaluation, when 
comparing the performance of competitive surfers in order to reduce uncertainty and increase 
the fairness of these comparisons that can define the athlete's destiny in the competition. 
These results suggest the need to modify the competitive dynamics in the surf and, possibly, in 
other judging modalities. 
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